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肿瘤治疗的第四模式。死亡受体 5 (DR5/TRAILR2) 是 TRAILR 中的一员，属于
肿瘤坏死因子受体超家族。当它与相关配体结合时，能选择性地杀伤多种肿瘤细
胞而对正常细胞没有毒性，曾被誉为 有发展前途的抗肿瘤靶点。本文将抗
Anti-DR5 mAb 体内、外作用于鼠肝癌细胞，并联合应用化疗药物阿霉素(ADM) 
或放线菌素-D (ACTD)，观察 Anti-DR5 mAb 与化疗药物对肝癌细胞的协同杀伤
作用，以研究探讨 Anti-DR5 mAb 与化疗药物联合应用于肝癌的治疗作用及机
制。 




明所纯化的蛋白可与抗 DR5 抗体发生特异结合。用纯化的 sDR5 免疫小鼠，制
备 Anti-DR5 mAb，应用流式细胞术与细胞毒性试验检测 Anti-DR5 mAb、ADM 
和 ACTD 诱导肝癌细胞凋亡的作用。建立小鼠肝癌模型，皮下注射 Anti-DR5 
mAb、ADM、ACTD、Anti-DR5 mAb-ADM 和 Anti-DR5 mAb-ACTD，观察它们
对小鼠肿瘤体积与重量增长的抑制、小鼠体重的增加以及对小鼠存活率的影响作
用，并通过 HE 染色和 TUNEL 实验观察其对肝癌细胞的凋亡作用以及对正常
肝细胞是否具有毒性作用。 
结果表明，Anti-DR5 mAb、ADM 和 ACTD 作用于肝癌细胞后，均可诱导
肝癌细胞凋亡，Anti-DR5 mAb、ADM、ACTD、Anti-DR5 mAb-ADM 和 Anti-DR5 
mAb-ACTD 作用于 HCC 小鼠后，使小鼠肿瘤重量增加减缓，极大的延长了小鼠
















了 Anti-DR5 mAb、ADM 和 ACTD 化疗药物对正常肝细胞的毒性。 
总之，我们通过基因工程技术成功地构建了 DR5 基因，并在原核表达体系
获得高效表达。纯化复性 DR5 蛋白免疫小鼠，制备了 Anti-DR5 mAb。 Anti-DR5 































Death receptor 5 (TRAIL-R2), a member of the TRAILR, belonging to tumor 
necrosis factor receptor superfamily. When DR5 is binding to its ligand, they can 
selectively destruct a variety of tumor cells and have no cytotoxicity to normal live 
cells and other cells. DR5 has been known as the most promising anticancer drug. 
Primary hepatic carcinoma is one of common malignant tumors, its attack rate 
occupies the second in our country, thirteen thousand personnel died of hepatoma 
every year, and the recent years its morbidity and mortality elevated year by year. Due 
to the bionomics of powerful invasion, easily recurrence and diversion, various kinds 
of therapy including operation, radiotherapy and chemical-therapy all have low effect. 
However biotherapy gained a great progress recently，it will become the 4th therapy 
mode of Hepatocellular carcinoma. This study observed Anti-DR5 mAb, ADM and 
ACTD have synergic lethal effect on HCC and investigated the therapic significance 
and mechanism of Anti-DR5 mAb-chemotherapeutics to hepatoma.  
We constructed the fused genes of DR5 with overlapping PCR, and then it was 
inserted into vector pET22 b (+), expressed efficiently in E.coli Rosetta-gami under 
optimization condition. The fusion proteins were purified through Nickel-affinity 
chromatography column. Anti-DR5 mAb was prepared by using the purified DR5 
protein to immunity mice. It was Showed that Anti-DR5 mAb, ADM, ACTD have a 
synergic lethal effect on HCC, The toxicity to normal liver cells was reduced greatly 
by injecting Anti-DR5 mAb with ADM or ACTD. The current work shows that 
Anti-DR5 mAb has anti-tumor properties in vivo and in vitro and it can sensitize 
murine HCC cells to anti-DR5, ACTD or ADM-induced apoptosis. 
In conclusions, the fused genes DR5 was constructed by gene engineering 
technology and fusion protein were expressed efficiently in E.coli. Anti-DR5 mAb 
was prepared by using the purified DR5 protein. It was Showed that Anti-DR5 mAb, 















was reduced greatly by injecting Anti-DR5 mAb with ADM or ACTD in vivo and 
vitro experiments. Our study will provide valuable theoretical and experimental 
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第一章  前言 
肝细胞癌(HCC)是我国常见的恶性肿瘤,其死亡率仅次于胃癌，全国每年至少






































抗 DR5 抗体诱导鼠肝癌细胞凋亡的研究 
2 
2.1 P53 基因 
p53 基因能促进细胞凋亡，而突变型 p53 基因则抑制细胞凋亡。p53 的表
达与抑制肿瘤细胞肿瘤细胞增生、介导凋亡密切相关，与 Ras 基因表达的调控
相关时，肿瘤细胞倾向于转为 Fas 配体旁路介导的凋亡[7]。研究表明，p53 促
进凋亡使其独立上调了内源性 p21（CIPI/Waf1）和 Bax 蛋白，同时激活了 p34
（cdc2）激酶，增加了 Rb2 蛋白的水平和磷酸化作用[8]。人巨细胞病毒增强剂
（AdCMV-P53w）不论对全身或局部治疗 HCCs 突变 p53 的表达均有效[9]。人
参皂苷（Ginsenoside-Rs4，G-Rs4）引起的凋亡主要是选择性地升高了人肝
SK-HEP-1 细胞中 p53 蛋白的水平和 p21WAF1 (野生型 p53 激活片段) 的水
平的结果。p53 表达状况与预后在统计学有明显的相关性，即阳性者预后较差[10]。 
2.2 Fas 基因 
HBV 感染了肝细胞，Fas/FasL 系统应答而发生肝炎，然而一些 HBV 感染细
胞绕过 Fas 介导的凋亡，不能激活 caspases（凋亡效应分子）并转变为癌细胞（如
PLC/PRF/5 肝癌细胞）[11]。分子重量比较和免疫印迹法分析显示 PLC/PRF/5 细
胞缺乏 Fas death domain（FAA）相关蛋白 FADD。将 FADD 注射到 HepG2 细胞
显示对 Fas 介导凋亡的耐受性，注射到 PLC/PRF/5 细胞获得对 Fas 的敏感性。因
此 FADD 功能缺失是乙肝肝细胞癌变的旁路之一。FADD 也可由 TNF-ａ上调而
激发肝细胞凋亡的级联过程[12]。发生变异的肝细胞对 Fas 系统介导凋亡不敏感，
使异常肝细胞不断增生 终导致肝癌。肝癌细胞中未检出 Fas 而检出 FasL，可
能是一种肿瘤逃避免疫攻击的机制。也有人认为 Fas 介导的凋亡在肝细胞发生
肿瘤中有双向作用，即对雄性 C3H/HeJ 大鼠的实验表明，大剂量抗 Fas 抗体
（5mg/只）对清除二乙级亚硝胺诱发的肝细胞凋亡有显著作用，而小剂量（2 mg/
只）重复注射可促发肝细胞的致癌性[13]。一般认为导致肝癌细胞凋亡是由于 Fas
受体的激活和之后的 caspase8 的激活，或者通过 FasL 的上调。部分抗肝癌药
物（如干扰素）即是通过该途径[14]。 
2.3 Caspase 
Caspase 可被多种物质激活，转染 caspase 的肿瘤细胞发生典型的凋亡。一
般认为化疗药物以及高渗引起细胞凋亡大多通过激活 caspase 3 起作用[15]，低浓
度的谷胱甘肽-阿霉素（GSH-ADM）比 ADM 更有效地引起鼠肝细胞（AH66）
的凋亡，并能提高 caspase3 大约100倍。两种药物处理12h和15h后可见 caspase3
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